DOE/MC/24132-3195
(DE93000234)

Tidd PFBC Demonstration Project
Public Final Design Report -

Ohio Power Compay -
Columbus, Ohio

' Prepared by ' R '
: American Electric Pam&rme Cocpuaim L ‘. .
° " Columbus, Ohio




from (615)5767

Available to the
Department of

Prited in the United States of America, Office of Scientific and Technical information, Oak Ridge , Tennesses



DOE/MC/24132-3195
{DE93000234)
Distribution Category UC-103

Tidd PFBC Demonstration Project
Public Final Design Report

Topical Report

Work Performed Under Contract No.: DE-FC21-87MC24132

For
U.S. Department of Energy
Office of Fossil Energy
Morgantown Energy Technology Center
P.O. Box 880
Morgantown, West Virginia 26507-0880

By
Ohio Power Company
1 Riverside Plaza
Columbus, Ohio 43216-6631

Prepared by

American Electric Power Service Corporation
Columbus, Ohio 43215

October 1992



TABLE OF CONTENTS

INTROCDUCTION

PROGRAM BACKGROUND
TECHNOLOGY DESCRIPTION
PLANT DESCRIPTION

Site Description

Plant Layout

Cycle Description

4.3.1 Cycle Configuration
4.3.2 Air/Gas Cycle

4.3.3 Steam Cycle

b
. s
W N -

PLANT SYSTEMS

5.1 Combustor Assembly
5.1.1 Boiler
5.1.2 Cyclones
5.1.3 Bed Ash Reinjection
5.1.4 Bed Preheating

5.2 Gas Turbine/Generator

5.3 Coal Systems

5.3.1 Coal Storage
.2 Coal Conveyors
.3 Coal Preparation
4

.3
.3
.3 Coal Injection

wmnm

orbent Systems
.1 Sorbent Storage

.2 Sorbent Conveyors

.3 Sorbent Preparation

.4 Sorbent Injection

5.5 Economizer

5.6 Electrostatic Precipitator

iii

Page No.

11
11
11
15

16

16
16
18
20
20

22

26
26
26
26
28

28
28
28
30
32

32



TABLE OF CONTENTS (Cont'd)

Page No.
5.7 Ash Systems 35
5.7.1 Cyclone Ash Removal System 35
5.7.2 Fly Ash Removal System 35
5.7.3 Cyclone Ash Handling System 36
5.7.4 Bed Ash Removal System 36
5.7.5 Bed Ash Handling System 38
5.7.6 Ash Disposal 38
5.8 Balance of Plant Systems 38
5.8.1 Steam Turbine/Generator 38
5.8.2 Condenser 42
5.8.3 Condensate System 42
5.8.4 Feedwater System 43
5.8.5 LP Service Water System 43
5.8.6 HP Service Water System 43
5.8.7 Electrical System 44
5.9 Control System 44
5.9.1 Purpose 44
5.9.2 System Description 45
5.9.3 System Arrangement 45
5.9.4 Process Control Units 45
5.9.5 Safety System 47
5.9.6 Operator Interface 47
5.9.7 Simulator 47
5.9.8 Additional Equipment 47
PROJECT COSTS 48
HEAT BALANCE 48
GENERAL ARRANGEMENT DRAWINGS 53
8.1 Site Plan Drawings 53
8.2 Combustor Building Drawings 53
8.3 Existing Building Drawings 53
FIGURES
1 Project Schedule
2 Site Plan
3 Flow Diagram Compcsite Cycle
4 Combustor Vessel Assembly
5 Boiler Circulation Schematic
6 Bed Ash Reinjection System
7 Schematic Arrangement of the GT 35P Gas Turbine
8 Coal Preparation
9 Coal Injection System

iv



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

38

39

40
41

TABLE OF CONTENTS (Cont'd.)

Sorbent. Preparation

Sorbent Injection System Diagram
Electrostatic Precipitator Diagram
Bed Ash Removal System

Electrical One-Line Diagram

Heat Balance
Heat Balance

1-5000-03
1-5001-01

1-5001-02
1-5001-03
1-5001-04
1-5001-05
1-5001-06
1-5001-07
1-5001-08
1-5001-09
1-5001-10
1-5001-11
1-5001-12
1-5001-13
1-5010-01
1-5010-02
1-5010-03
1-5010-04
1-5010-05
1-5010-06
1-5010-07

1-5010-08

1-5010-09

1-5010-10

1-5010-11

Gen. Arg't Construction Site Plan

Gen. Arg't Combustor Building Plans @
El. 652' and 660°'

Gen. Arg't Combustor Building Plans @
El. 676' and 686"

Gen. Arg't Combustor Building Plans @
El. 703' and 728'

Gen. Arg't Precipitator and Economizer
Plan

Gen. Arg't Plan & Sections Precipitator
1A & 1B Duct Modifications

Gen. Arg't Plan & Sections Precipitator
1A & 1B Duct Modifications

Gen. Arg't Ash Handling Facility

Gen. Arg't Combustor Building Sections
Gen. Arg't Combustor Building Sections
Gen. Arg't Combustor Building Sections
Gen. Arg't Combustor Building Sections
Gen. Arg't Waste Water Pumps Structure
Plan & Sections

Gen. Arg't Combustor Building Plans @
El. 744' and Roof

General Cross Section of Plant, Unit #1
General Cross Section of Plant, Unit #1
Floor Plans of Turbine Room, Elev's @
608', 624', and 636", Unit #1

Basement Floor Plan of Plant Elev's @
650' and 665', Unit #1

Basement Floor Plan of Plant Elev. @
650°', Unit #1

Main Floor Plan of Plant, Elev. 676",
Unit #1

Main Floor Plan of Plant, Elev. 676',
Unit #1

Floor Plans of Beiler Room & Heater Bay,
Elev's & 707', 708', 710', 727', 720°',
and 732", Unit #1

Floor Plans of Boiler Room & Heater Bay,
Elev's € 741', 747', and 751'; Fan
Floor, Elev. 766', Unit 1, 650', Unit #1
Longitudinal Section Heater Bay and
Turbine Room, Unit #1

Screen House General Arrangement



1.0 INTRODUCTION

This Public Final Design Report describes the 70 MWe Tidd PFBC
Demonstration Plant under construction in Brilliant, Ohio. This
project is receiving cost-sharing from the U.S. Department of
Energy (DOE), and is being administered by the Morgantown Energy
Technology Center in accordance with DOE Cooperative Agreement
No. DE-FC21-87 MC24132.000. The project is also receiving cost-
sharing from the State of Ohio. This award is being administered
by the Ohio Coal Development QOffice.

The Tidd PFBC Demonstration Project is the first utility-scale
demonstration project in the U.S. 1Its objective is to
demonstrate that the Pressurized Fluidized Bed Combustion (PFBC)
combined-cycle technology is an economic, reliable, and
environmentally superior alternative to conventional technology
in using high-sulfur coal to generate electricity.

Detailed design of the plant began in May, 1987, leading to the
start of construction in April, 1988. First coal fire occurred
in November, 1990, and the three-year test program began in
February, 1991.

2.0 PROGRAM BACKGRQUND

Plant-scale investigation of pressurized fluidized bed combustion
(PFBC) began in the late 1960's, with the completion of a
combustor rig at the National Coal Board {NCB) Ccal Utilization
Research Laboratory (CURL) in Leatherhead, England. Later,
expanded facilities, including a gas turbine blade cascade, were
added at CURL. In the mid-70's to early 80's, a number of PFBC
test facilities were built and tested. These were built by
Exxon, Curtiss-Wright, General Electric, New York University,
Argonne Natjional Laboratory, NASA Lewis Laboratory, NCB (IEA
Grimethorpe and CURL) and ASEA Brown Boveri (ABB) (Component Test
Facility).

In late 1976, following theoretical studies and review of
available PFBC test results, American Electric Power Service
Corporation (AEPSC) and ABB Carbon (then STAL-LAVAL) of Sweden
signed an agreement to perform a joint feasibility study to
evaluate the merits of PFBC technology and the technical
challenges to be overcome in proceeding with a development
program. A conceptual design of a 170 MWe demonstration plant
was prepared utilizing the deactivated Tidd Plant steam turbine.

The feasibility study addressed many technical issues which had
to be resolved prior to embarking on a demonstration project.
Combustion tests were initiated in 1977 at the Coal Utilization
Research Laboratory in Leatherhead, England, using Ohio coal and
dolomite to evaluate the process. The advantages of a tapered



bed and the environmental advantages of the PFBC process,
including high-sulfur removal and low NO emissions, were
demonstrated.

Encouraged by these developments, AEPSC and ABB Carbon agreed to
proceed with the next phase of development in 1978. The
development work continued with an extensive cold and hot
physical model test program and analytical modeling to quantify
crucial design parameters. Cold flow models were constructed
primarily to further study the fluidization process. The primary
effort in the hot test work was AEPSC and ABB Carbon
participation in the U.S. DOE sponsored 1000-hour test program at
CURL. Major objectives of this test program were to determine
the operating life of gas turbine blades exposed t¢ hot PFBC
gases and in-bed tube erosion/corrosion potential. Results
verified the extended life for both the gas turbine blades and
steam generator tubes.

While the test program was proceeding, preliminary engineering
and design of both the 170 MWe Tidd Commercial Demonstration
Plant and a future larger commercial plant were performed. Part
of this effort consisted of cost estimates of both plants and a
comparison of the economics of a future PFBC commercial plant
with a conventiocnal pulverized coal plant using a Flue Gas
Desulfurization (FGD) system.

Over 2000 hours of tests were completed at Leatherhead and, as a
result, combustor and other component designs evolved
considerably. The technical readiness of the process for major
utility generation was proven, and the economic evaluation
indicated a clear advantage for PFBC. At that time, ABB Carbon
(then ASEA PFBC) decided to erect an integrated pilot plant to
conduct more extensive tests on the PFBC process and PFBC-related
systems.

The 15 MW (thermal) Component Test Facility (CTF) which
incorporated all PFBC-related auxiliary systems and components
required for operation in a commercial power station, was
designed in 1980. Key design parameters (temperatures,
pressures, velocities, bed geometry, tube arrangements, etc.) at
the CTF were identical to the PFBC demonstration plant design.

In 1982, financial constraints dictated that the demonstration
plant be scaled down from 170 MWe to 70 MWe. The 15 MWe ABB STAL
GT-35P gas turbine was substituted for the 75 MWe GT-120P gas
turbine. This scale-down allowed for the commercial viability of
PFBC to be proven at reduced cost. The preliminary design and
cost estimate for the 70 MWe plant were completed in 1984.

In 1984, Babcock & Wilcox became involved in the PFBC
demonstration plant project. After a careful review of the



design and concept by Babcock & Wilcox, a partnership was formed
between ABB Carbon and Babcock & Wilcox (ASEA Babcock) to pursue
the project and the ultimate commercialization of PFBC.

In May, 1986, AEPSC and ASEA Babcock began the detailed design of
the 70 MWe Tidd PFBC Demonstration Plant. In February, 1987,
OChio Power Company, a subsidiary of American Electric Power,
entered into an agreement with the U.S. Department of Energy for
up to $60.2 million in Federal cost-sharing under the Clean Coal
Technology Program and with the Ohio Coal Development Office for
$10 million in state cost-sharing.

Construction on the Tidd Project began in April, 1988. Initial
combined cycle operation was achieved in November, 1990. Start-
up and plant checkout were completed and the 3-year demonstration
period was initiated in March, 1991. A project schedule is
provided in Figure 1.

3.0 TECHNOLOGY DESCRIPTION

A fluidized bed consists of a mass of granular particles with an
air stream flowing upward through the particles. As the velocity
of the air increases to about 3 feet per second, the particles
are maintained in a highly turbulent suspended state. The bed in
this state is said to be fluidized and, in general, behaves like
a fluid.

This fluidized motion permits excellent surface contact between
the air and the particles. 1If a combustible material, such as
coal, is introduced into the bed, this mixing will permit almost
isothermal conditions and efficient combustion. The operating
temperature of the bed is determined by the amount of carbon in
the bed, the excess air, and the rate of heat removal from the
bed. The temperature range is established by the coal
characteristics; the minimum temperature is set by the lowest
temperature at which combustion is maintained, and the maximum
temperature is set by the ash fusion temperature of the fuel.
For Eastern coals, the bed temperature range is 1350°F to 1700°F.

In a general sense, sulfur in coal reacts with oxygen during
combustion to form S0,. 1In order to control the emisgsion of S0,
sulfur can be removed from the process by several means,
including prior to combustion (coal cleaning), after combustion
(flue gas desulfurization), or during combustion (fluidized bed).

In a fluidized bed, sulfur is removed during combustion by adding
a sorbent, such as dolomite or limestone, to the bed. Dolomite
was the design sorbent for the Tidd PFBC Demonstration Plant.
Dolomite, composed primarily of calcium carbonate and magnesium
carbonate (CaCo, - MgCo,}, when heated, dissociates to form the
porous and reactive complex of magnesium'oxide-calcium carbonate
(Mg0 - CaC0,) to react with sulfur dioxide.



At fluidized bed temperatures in the 1350°F to 1700°F range, the
reaction of this complex with sulfur dioxide (SO,) forms an inert
magnesium oxide-calcium sulfate complex (MgO Casd,). This is
expressed chemically as:

CaCO,eMgCO, + Heat ---> MgOeCaCO, + CO,
MgOeCacCo, + SO, + 1/2 0, ---> MgOeCasO, + CO,

The magnesium oxide-calcium sulfate complex produced in these
reactions is a dry granular by-product which, when removed from
the bed, can be easily managed.

In addition to reduced SO, emissions, NO_emissions from a
fluidized bed are lower tﬁan from a conventional pulverized coal
boiler. The lower combustion temperature in a fluidized bed
minimizes thermal NO_generation. A conventional pulverized coal
fired unit, which operates at combustion temperatures of 3200°F,
typically generates NO emissions of 0.6 to 0.7 lbm per million
BTU; a fluidized bed which has a combustion temperature of
typically less than 1600°F generates approximately 0.3 lbm of No_
per million BTU.

During combustion, the fluidized bed will contain less than 1
percent combustible material. The balance consists of dolomite
and inert materjial (reacted dolomite and ash). Because of this
low percentage of combustibles and the low combustion
temperature, the fluidized bed can burn a much wider range of
fuels than conventional combustion processes. Fuels with very
low or high heating value, low or high ash content, low or high
sulfur content, and low or high ash fusion temperatures can be
burned in a fluidized bed.

Boiler tubes submerged in a fluidized bed are used to generate
steam to drive a steam turbine-generator. Because of the
turbulent nature of the bed particles, overall heat transfer
rates 4 to 5 times greater than in a conventional furnace are
achieved in these tubes. Therefore, the total amount of boiler
surface is significantly reduced compared with a conventional
boiler, resulting in capital cost savings.

Fluidized beds can be operated under various conditions, the most
distinguishing of which is pressure. Combustion in fluidized
beds operating at pressures of about one atmosphere or less are
referred to as Atmospheric Fluidized Bed Combustion (AFBC).



’ I
_ _ _ _ (N UV NSO WS P SR -
3 M U Lo !Eggﬁﬂhgﬂn 100G SIS o k3

+-

5
1
[ nbig ) Lisuans 3 4 T _ﬂ. LIS Tule SV O WL |w
1 h _ _Egﬁ-uﬁg[ﬁ \ _ _ SRAVEE WOITAN SNy DADYE] ADL i 1
_— —Cr e == v o e g o o o i
¥ “ MELWLBD R 4 \%ﬁfﬁﬁ 4 \.\m A + TOAE VAH T TRLIUROWY S
1 g7 A A e 00 ¥ -
76-50-20 AV o] 1] Y " |&F o7 /71 aeae Y _ _ : “
. Py H i L SRV Dt N 1 '
3IWNE3IHIS 1I3rgad Ho g e — .ﬂ,\ " -t = ..n '
IN¥d NOLLYHLSNOW3G J84d QAK it | T nmarva l—————C O Iﬂallmuml.rwlm g - A - Ow = o =
Y WL SRS
" “ “ ﬁ s -y -rq.a.ush._.!.wﬁ..lﬁ n , h—_. DOITLS LCHPEY TASDT 0 MELYMSE LTND J—
16/82/20 SHIDIE WAO0ONd ._.Mw._.@ ] i T\ ||||||||| LNG03 WIMLTITI MOV r Didemgy WooIT urw T - B gl PRI EEU‘l |Il4
i 9 A 1 WATTE ¥ UVIOEYS LTI | Ay LMTRAT T ) | * ]
281142 (0620 1 300 1 ] o o ) - ,
SNI93E ONIAVHS LS00 "LADD & ' ! * ppiep——— * O _nﬁ
1 ) oAy ¥ WAl Uk | o |
9§/10/6 SLavls LOvAINGD dav @ ) “ § o b O ———— llllm. llllllllllllllllllllllllll 4 IIIII |
! [} f 1V g oz Nopow gy s LIS WADCE WOy B 1
f b ] - F S S Nk .A i L\ R
U P O e SIS Ju—— - — RN | S — —_
" + _r Jeppmm————— AR o o H e m Y] .iﬂ!iw n,m.:?..n 4 1 b—
| po 3D || | Qe e ———— m+|l0 e - L it % - [ B3 T by @ H
D 0L *
) ) o s T YN LN Vg 1Y !
1 1 IR -t o X i | ————— 1 L 1
. L oL LB | P _
. : i syl e I |
R wam 1 0 [ p— i v+ T 1 13 h
-7 ) . » T, *+ 1 1! ] (I
=" \ ) H H 1
noae § ) ! 1 1
I ) ! L 5 1
v 1 ] !
I []
TG Tes i
1
2 3
L] £l -
v 4
* )
1
I
1
1
h
(

NTTEYLT ST

T
I
1
{

it feietiny et

s

— iy S v S S

LW ¥ 00 ) Y

-
- ——
h = =y

- Bt _

—
al N sTet Pt e Tt el ST e af N STl P rTWl el Wl 5T e aTNTD

066l 6861




Fluidized bed combustion at much higher pressures is referred to
as Pressurized Fluidized Bed Combustion (PFBC). At Tidd, PFBC is
achieved by incorporating the fluidized bed within a pressure

vessel. A compressor supplies the combustion and fluidizing air.

Because of the higher pressure, the exhaust gases from a PFBC
have sufficient energy to drive a gas turbine while the steam
generated in the in-bed boller tubes drives a steam turbine.
This combined cycle configuration allows a power plant design
which is more economic and efficient than alternatives.

In PFBC, the higher operating pressure allows for the use of deep
beds which result in a long residence time that yields high
combustion efficiency and 90 percent sulfur removal with a
calcium-to-sulfur molar ratio of 1.6. A PFBC power plant will
permit burning a wide range of coals in an environmentally
compatible manner. 1Intimate contact of the coal and dolomite
enables a consistent, high degree of sulfur removal during
combustion. Relatively low combustion temperatures result in low
NO,_ emissions. The waste products, both fly ash and bed ash, are
dry, benign, and manageable. The high pressure and high in-bed
heat transfer allow a reduction in plant size with corresponding
material savings. The combined-cycle operation results in high
generating efficiency.

4.0 PLANT DESCRIPTION

4.1 Site Description

The 70 MWe Tidd PFBC Demonstration Plarnt is located at the Ohio
Power Company Tidd Plant on the Ohio River in Brilliant, Ohio.
The PFBC module repowered Tidd Unit 1, a 110 MWe steam plant.

The Tidd Plant is a two-unit plant; each unit is rated at 110
MWe. Tidd Unit 1 was commissioned in September, 1945,
deactivated in 1976, and retired in 1979. The plant was retired
because it was not cost effectlive to retrofit the plant with
electrostatic precipitators necessary to achieve U.S.
Environmental Protection Agency particulate emission standards.

The Tidd Plant offered an jideal site for the PFBC Demonstration
Plant for the following reasons:

° Existing plant equipment such as coal handling systems,
plant services, and high voltage connection to the
existing 138 KV switchyard could be utilized.



) The demonstration plant could be erected and placed in
service in much less time than iIf a Greenfield site was
selected.

] Cost savings could be realized in developing the
combined cycle aspect of PFBC by utilizing the Unit 1
existing steam turbine-generator, condenser, and
feedwater system.

] The open space adjacent to Unit 1 provided an
unobstructed location for the PFBC plant.

° The site is adjacent to the Ohio River which is
conducive to barge shipment of large modular pieces to
the site.

The plant is located at Ohio River mile 76.6 measured downstream
from Pittsburgh, Pennsylvania, in the section of the river named
the Pike Island Pool. At this point, the flocd plain is
approximately 1500 feet wide. The site is bound on the north by
a main line of the Norfolk and Western Railroad. The major road
is nearby Ohio Route 7. The area is occupied primarily by
industrial and power generation facilities: Cardinal Plant and
Tidd Plant.-

The normal river pool elevation is 644 feet and the ordinary high
water is elevation 647.3 feet. The 1936 flood water level was at
elevation 671.5 feet, the highest water level established for the
site. The existing Tidd Power Plant grade elevation is 675 feet,
equal to the final grade of the new plant. The new plant
components are located in the area immediately north of the
existing Tidd Plant.

4.2 Plant Layout

The new PFBC island, including the combustor and auxiliary
systems, the gas turbine, and the coal and sorbent preparation
and injection systems, are located in a new "combustor building"
north of and adjoining the existing Tidd Unit 1 (See Figure 2).
The economizer, precipitator, electrical equipment building, and
ash silos are constructed west and north of this building. The
majority of the remaining balance-of-plant (BOP) components are
located in the existing Tidd Unit 1 building.

The close proximity of the Tidd Plant to the Cardinal complex
affords the opportunity to share certain auxiliary systems and
services with this complex. These include final disposal of
waste water and dry ashes, the Cardinal 1 flue gas stack, and
other facility support services such as potable water, filtered
water, fire protection water, sewage treatment, guardhouse, and
truck scales.
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4.3 Cycle Description

4.3.1 Cycle Configuration

Figure 3 provides a composite cycle schematic which identifies
how the PFBC island will be incorporated into the existing Tidd
Unit 1 conventional steam cycle. The Tidd Unit 1 steam cycle is
a 1540's vintage cycle, with original steam conditions of 900,000
#/hr steam flow at 1300 psia and 925°F with no reheat, which
produced an electrical output of 110 MW at a cycle efficiency of
31%. As confiqured for PFBC operation, the plant has a steam
tiow of 439,560 #/hr at 1300 psia and 925°F, which will produce a
gross electrical output of 57 MWe from the steam turbine and 17
MWe from the gas turbine with a net cycle efficiency of 34%.
Table 1 provides the full load process values,

4.3.2 Air-Gas Cycle

Ambient air enters the low pressure compresscor section of the gas
turbine and is compressed to 56 psia. The compressed air is then
cooled by condensate in the gas turbine intercooler. The air
then enters the high pressure compressor where it is further
compressed to 177 psia and 572°F.

The hot compressed air is then directed through the outer annulus
of a coaxial air/gas pipe and then into the pressure vessel.

Once inside the pressure vessel, the hot air is routed through a
series of internal cyclone ash coolers where the air is further
heated before it is directed into the fluidized bed via a system
of sparger ducts.

In the fluidized bed, coal/water paste (25% nominal water content
by weight) is burned at a temperature of 1580°F. The sorbent is
injected into the bed via a pneumatic transport system. For the
3.4% sulfur Pittsburgh #8 design coal and 90% sulfur retention,
the projected calcium/sulfur molar ratio is 1.6 when using
dolomite as the sorbent.

After leaving the fluidized bed zone, the hot gases and entrained
ash particles enter the freeboard zone where the excess air
content is controlled to about 25%. The hot gases and entrained
ash then pass into seven parallel sets of cyclones, each with two
cyclones in series. The cyclones are designed to remove 98% of
the entrained ash from the gas stream. The gas is cleaned
sufficiently to pass through the gas turbine without deleterious
erosion of the gas turbine components.

11



TABLE 1

DESIGN PROCESS VALUES
(FULL LOAD)

Feedwater/Steam Cycle

Feedwater Flow

424,110 1b/hr

Economizer Inlet Temperature 299°F
Final Feedwater Temperature 478°F
Final Feedwater Pressure 1880 psig

Main Steam Flow
Main Steam Temperature

439,560 lb/hr
925°F

Main Steam Pressure 1350 psig

Steam Turbine Output 56,757 kwg
Air/Gas Cycle

LP Compressor Outlet Pressure 71 psig

LP Compressor Qutlet Temperature 326°F

HP Compressor Qutlet Pressure 192 psig

HP Compressor QOutlet Temperature 572°F

Air Flow
Bed Temperature

646,000 1b/hr
1580°F

HP Turbine Inlet Pressure 165 psigqg
HP Turbine Inlet Temperature 1525°F
LP Turbine Inlet Pressure 47 psig
LP Turbine Inlet Temperature 986°F
Economizer Inlet Temperature 766°F
Economizer Outlet Temperature 350°F

Gas Flow
Excess Air
Gas Turbine OQutput

Solids

Coal Flow (Dry)

Coal Water Paste Flow
Sorbent Flow!"

Bed Height'®

Cyclone Ash Flow

Bed Ash Flow

NOTES:

(1)
(2)

724,100 1b/hr
25%
16,900 kwg

57,300 1lb/hr
72,620 1b/hr
27,760 lb/hr
126 in

13,690 lb/hr
9,820 1b/hr

At calcium to sulfur melar ratio of 1.64 for 90% sulfur

retention.

Bed height was increased to 144" in December, 1991.

12
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After exiting the cyclones, the gas is collected in a manifold
and exits the pressure vessel at 153 psia. The gas is directed
thru the inner pipe of the ccocaxial pipe, past the hot gas
intercept valves and into the high pressure gas turbine at 1525°F
and 149 psia. '

There the hot gases are expanded through the high pressure
turbine. The gas then enters the low pressure turbine where it
is further expanded and is cooled to 350°F in the turbine exhaust
gas economizer.

After the economizer, the gas enters the electrostatic
precipitator where it is further cleaned to meet the New Source
Performance Standards (NSPS) of 0.03 lbm/million BTU before being
emitted to the atmosphere via the Cardinal Unit 1 flue gas stack.

4,3.3 Steam Cycle

The steam cycle is a Rankine cycle with a once through Benson
type boiler. Condensate from the condenser is heated from 74°F
to 259°F in three stages of low pressure heaters and the gas
turbine intercooler as it is pumped to the deaerator by the
hotwell and condensate booster pumps. From the deaerator, the
feedwater is pressurized by the tank pumps to Bl7 psia and
further heated to 295°F by the single high pressure heater before
being fed to the suction of the feedwater pump. The flow is
further pressurized to 2038 psia by the feedwater pump and
directed to the economizer where heat in the gas exiting the gas
turbine further preheats the feedwater to 478°F. From there the
subcooled feedwater is routed to the pressure vessel and enters
the boiler at 478°F and 1865 psia.

The feedwater enters the boiler bottom which is comprised of the
walls of the two ash hoppers. After passing through the boiler
bottom, fluidized bed and freeboard wall enclosures, it enters
the in-bed evaporator surface where bolling occurs. Steam, which
is two phase up to about 40% load and slightly superheated at
full load, is conveyed to the vertical separator. At lower
loads, the water from the separator is recirculated through the
boiling surfaces with the assistance of a circulating pump. The
steam from the separator then enters the in-bed primary
superheater. From the primary superheater outlet, spray
attemperation is used to control final steam temperature exiting
the boiler, Frcm the attemperator, steam is directed to the in-
bed secondary superheater and then exits the boiler at 1335 psia
and 925°F.

buring start-up and in the event of a steam turbine trip, a 50%

bypass system to the condenser and a pressure control valve to
atmosphere serve to dispose of the excess steam while controlling
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the boiler pressure/temperature decay and preserving as much of
the treated water as practical. In the event of a loss of plant
power or loss of the boiler feed pump during operation, a backup
feedwater system is also provided to maintain water flow to the
boiler circuits exposed to the heat contained in the slumped bed.

5.0 PLANT SYSTEMS

5.1 Combustor Assembly

The combustor assembly, shown in Fiqure 4, is the heart of the
combined cycle system. It generates the hot gases to drive the
gas turbine and the steam to drive the steam turbine. The
combustor assembly contains the boiler, cyclones, cyclone ash
coolers and bed ash reinjection vessels within a single
cylindrical pressure vessel. This arrangement allows the
components within it to be designed for a relatively low
differential pressure even though the process pressure is
relatively high in absolute terms.

The pressure vessel, which is externally insulated, is designed
for internal operating conditions of 572°F at 168 psig. It
consists of a vertical cylindrical shell approximately 44 feet in
diameter with elliptical heads. The overall vessel height is
approximately 70 feet. The vessel heads include removable
service openings which allow for the removal of internal
components. In addition, internal and external service
platforms, lifting devices, and access doors are provided to
permit maintenance and service of both internal and external
systems.

5.1.1 Beiler

The PFBC beoiler contains the combustion process and absorbs the
heat necessary to generate steam and control bed temperature
while maintaining the required gas temperature to the gas
turbine.

The boiler enclosure is designed with membraned water wall
construction. It is comprised of three major sections: the
boiler bottom, the bed zone, and the freeboard.

The boiler bottom consists of fluidizing air ducts arranged on
top of a pair of membraned water wall hoppers. The fluidizing
air ducts direct the majority of the combustion air for
fluidization of the bed material. The hoppers, which remain full
of ash during operation, act to direct the spent bed ash to the
bed ash removal system. The bed ash is cooled from bed
temperature down to approximately 1B0°F by a portion of the
combustion air. The cooling air is drawn off the combustor

16



FROM
COMPRESSORS = = —
10 GAS B i
TURBINE : - BED ASH VESSELS
CYCLONES PRESSURE VESSEL
BED VESSEL
FUBE BUNOLE
COAL FEED
I | F —
CYCLONE K
ASH
ASH OOLOMITE FEED

 _ BED
PREMEATER

'1
PFBC TIDD DEMONSTRATION PLANT
COMBUSTOR VESSEL ASSEMBLY

Figure 4

17



pressure vessel, cooled and readmitted through the vessel into
proprietary bed ash cooling components located in the boiler
bottom hoppers. The heat removed from the ash is recovered in
the combustion air.

The bed zone is designed as a 10.5 ft deep tapered fluidized bed
in which the superheater and evaporator sections are submerged.
The coal is burned in the presence of sorbent within the bed zone
at 1580°F. At full load, all of the evaporator and superheater
surface is submerged within the fluidized bed. At reduced loads,
the bed level is lower, thereby exposing portions of the
evaporator and superheater surface. The surface above the bed
acts to convectively cool the gases to the gas turbine, as well
as reduce heat transfer to the steam side, since the convective
heat transfer rates are significantly lower than those within the
fluidized bed.

The boiler freeboard is sized to minimize elutriation of fly ash
by the gas flow. It is internally insulated to reduce gas heat
loss on the way to the gas turbine.

The boiler steam side circuitry is schematically depicted in
Figure 5. The circuitry is arranged in the following order of
flow: (1) enclosure, (2) evaporator, (3) moisture separator, (4)
primary superheater, (5) attemperator and (6) secondary
superheater. At normal operating loads, the boiler is a sub-
critical once-through unit, with the moisture separator receiving
dry steam. During start-up, shutdown, or any load below 40%, a
circulation pump with suction from the bottom of the moisture
separator acts to operate the boiler in a forced circulation
mode.

5.1.2 Cyclones

The gas leaving the boiler will pass through two stages of
cyclone separation. The cyclones reduce the particulate loading
of the gas flow to preclude erosion of the gas turbine. The
cyclones are arranged in seven parallel strings, with two stages
per string.

The gas is conveyed from the upper part of the boiler freeboard
to the first stage cyclones through connecting flues. The gas
flows from the first stage cyclones to the second stage cyclones
and into a common gas collecting pipe which discharges into the
center portion of the coaxial pipe going to the gas turbine. The
cyclones and gas collecting pipe are insulated to minimize gas
temperature losses,.

See Section 5.7.1 for an explanation of the cyclone ash removal
system.
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5.1.3 Bed Ash Reinjection

Bed level is the primary load controlling parameter in the PFBC
boiler. The Bed Ash Reinjection System permits rapid unit load
change by transferring bed material to and from a pair of
reinjection vessels located inside the combustor pressure vessel.
A schematic of the system is shown in Figure 6.

To increase load, bed material stored in the reinjection vessels
is admitted into the bed by means of an L-valve, an L-shaped
material handling device which permits a uniform, high flow rate
of material when compressed air is admitted at the bend in the
valve and plugs to stop material flow when the air flow is
stopped.

To decrease load, bed material is pneumatically transported from
the bed to the reinjection vessels. Air from the combustor
pressure vessel serves as the transport medium. The transport
air flow is separated from the ash and vented outside the
combustor into the main combustion gas flue. The reinjection
vessels are normally at the same pressure as the boiler; however,
during load decreases, they are at a slightly lower pressure.

The system is sized to store 103,000 lbs of bed ash, which is
approximately 70 percent of the full load fluidized bed material
and admit/remove bed ash to/from the boiler to change unit load
at rates up to two percent of full load per minute. At start-
up, additional bed material to achieve full load is accumulated
during unit operation by not running the Bed Ash Removal System.

Bed Material Data

Particle size, inches 0.008 - 0.25
Particle density, lbs/cu ft 162.0
Bulk density, lbs/cu ft 81.0
Specific heat, BTU/1lb 0.19 - 0.32

5.1.4 Bed Preheating

The bed preheating system is used during start-up to preheat the
bed material to 1200°F, which is the minimum temperature for
sustained coal combustion. This iIs accomplished by directing air
flow from the gas turbine compressor through the bed preheating
combustor. The alir flow ranges from 260,000 lb/hr to 300,000
lb/hr. The bed preheating combustor is designed to burn No. 2
fuel cil with this air to generate combustion gases at 1560°F for
warming the start-up bed.
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5.1.4.1 Bed Preheating Combustor

The bed preheating combustor incorporates five "spill flow"
burners which receive oil flow from a bed preheating fuel oil
pump. They are termed spill flow burners since throughout their
operating range the oil chambers for the burners receive a
constant flow of oil and the amount in excess of that fired is
recirculated back to an 80 gallon receiver tank. Burner firing
rate is controlled by regqulation of the recirculation control
valve which varies the fuel oll pressure at the fuel oil
chambers, thereby modifying the flow of o0il into the burners.
Peak burner fuel o0il usage willl be approximately 13 gpm, which
corresponds to the maximum bed preheating combustor heat input of
102 million BTU/hr. The burners are arranged in a pentagon
inside the bed preheating combustor. Two of the burners are
equipped with spark plugs, which are used to ignite the burners.
A single UV flame scanner, located in one of the remaining three
burners, is used to monitor the fuel o0il ignition process.

5.1.4.2 Receiver Tank

This 80 gallon atmospherically vented tank acts as the fuel
supply reservoir for the bed preheating fuel oil pump and as the
burner recirculation flow receiver. Make-up flow to the receiver
is supplied from the fuel c¢il supply subsystem.

The recirculation flow inlet to the tank incorporates a
deaerator. The tank is vented to the outside through the
deaerator. Internal baffling inside the receiver tank forms a
separate reservoir for the fuel oil pump suction, thereby
isclating the pump suction from return flow disturbances.

5.1.4.3 Fuel 0il Pump

This gear-type positive displacement pump delivers a continuous
28 gpm to the five bed preheating combustor burner o0il chambers.
Pump discharge pregsure is a function of the position of the
recirculation control valve, but is limited to 725 psig by a
relief valve.

5.2 Gas Turbine/Generator
The GT-35P gas turbine/generator set is a modified ABB Carbon AB

GT-35 for PFBC application. It is matched thermally to the P200
combustor. '
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The major GT-35P gas turbine mechanical components are two
compressors, an intercooler, and two gas turbines arranged in a
classic Compressor-Intercooler-Compressor-Combustor-Turbine-
Turbine (CICBTT) cycle (Figure 7). Air from the low pressure
compressor is intercooled before entering the high pressure
compressor stages. Intercooling serves to maintain combustion
air temperature within required limits, and to increase overall
cycle efficiency over the load and ambient air temperature
ranges. Compressed air is then supplied to the combustor through
the annulus of the coaxial combustor supply/delivery pipes.
Gaseous combustion products are transported to the high pressure
turbine through the inner coaxial pipe, and expanded through the
high pressure and low pressure turbines to near atmospheric
pressure at the low pressure turbine exhaust.

The electric generator is a synchronous 4-pole motor/generator
with a salient pole type rotor. The stator windings are designed
as a 3-phase diamond winding with two coil sides per coil pitch.
The brushless exciter has eight poles and wire-wound coils in
rotor and stator.

Physically, the rotating gas turbine equipment is arranged in-
line on two shafts. The variable speed low pressure compressor
is mechanically coupled to its driving low pressure turbine on
one shaft. The high pressure turbine drives both the constant
speed high pressure compressor, to which it is mechanically
coupled, and the electric generator. An epicyclic reduction gear
couples the electric generator to the high pressure shaft.

The functions of the gas turbine/generator set can be described
in terms of its mechanical function as a PFB combustor system,
and its thermodynamic function which contributes to the high
efficiency of a PFBC combined cycle:

GT-35P Gas Turbine/Generator

Mechanical Function Provide compressed air for
combustion, for fluidization of a
deep bed, and for ash cooling.

Thermodynamic Function Produce useful work from the
expansion of gaseous products of
pressurized combustion.

The GT-35P was constructed and delivered in five modules.
Modular design not only is an advantage in terms of delivery and
installation, but it also contributes to high maintainability,
including minimal down time for maintenance.
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The two shaft design has considerable operating advantages. As
unit load is reduced, for example, by decreasing bed height,
combustion gas temperatures are lowered due to heat losses to
newly exposed steam generator tubes. Reduced gas temperatures
result in a reduction of LP shaft speed, and thus combustion air
flow rate and pressure are also lowered. The free-spinning LP
shaft thus allows for a less complicated control scheme than
would be required for a single shaft machine.

Ooptimization of the cycle and cycle efficiency i1s enhanced by the
GT-35P's two shaft design. Excess air quantity can be held
constant over the entire ambient air temperature range. At
partial loads, excess air levels can be optimized. Fluidizing
velocity can be held constant over the operating range of the
unit.

During start-up, the GT-35P is used to initlally pressurize the
vessel. In this mode, the electric generator acts as a motor for
the HP compressor. Xey operating and design parameters are shown
in Table 2.

TABLE 2

GT-35P GAS TURBINE/GENERATOR SET
DESIGN AND OPERATING PARAMETERS

Number of Stages Low Pressure Compressor 11
Low Pressure Turbine 1
High Pressure Compressor 12
High Pressure Turbine 4
Speed LP Shaft 5364 rpm

HP Shaft 6218 rpm
Inlet Temperature 1526 F

Pressure Ratio 12:1

Qutput 16MWe nominal

Motor/Generator Output rating 22.5 MVA @ 13.8 Kv,
0.8PF, & 60CHz
Rotor Salient pole type

Brushless Exciter Eight poles, wire
wound coils in
rotor and stator
3-phase diamond
winding with two
coll sides per
coil pitch
Air/water
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5.3 Coal Systems

The Tidd PFBC Demonstration Plant utilizes coal/water paste (CWP)
fuel which is injected into the fluidized bed. CWP is
distinctively different from slurry type coal/water mixtures.
Slurries typically have greater than 30% water content and rely
upon chemical additives to reduce inter-particle friction and
maintain their long-term stability for storage and shipment. CWP
is prepared on site, thus shipment, long-term stability, and
storage concerns are minimized. Pumpability is the main
consideration with CWP, and adequate pumpability is achieved with
a 25% water content by the use of a specific coal size
distribution which results in virtually no inter-particle motion.

5.3.1 Coal Storage

Coal, delivered by truck, is weighed and sampled prior to
placement in the existing storage area. A 30-day supply of coal
is maintained in the storage area which has adeguate space for
storage of two smaller piles of test coals, each with a 7-day
supply. Mobile equipment will be used to maintain the storage
piles and to reclaim coal from storage.

5.3.2 Coal Conveyors

Coal, from storage, is loaded into existing rotary car dumper
hoppers and delivered by a system of existing belt conveyors and
transfer stations to three existing bunkers located in the main
plant building. The conveyors, with a maximum capacity of 800
tons per hour, are totally enclosed and are provided with dust
collection and fire protection systems. Weighing, crushing,
screening and magnetic separation equipment are provided in the
system. The three bunkers have a total storage capacity of 1350
tons of coal (28 hours at full load) and are filled by a conveyor
equipped with a traveling tripper.

A new conveyor system was installed below the existing bunkers to
convey coal to the coal preparation system, which is located in
the new combustor building. The new conveyor system is equipped
with weighing, sampling, magnetic separation and metal detection
equipment.

5.3.3 Coal Preparation

Coal preparation, as depicted in Figure 8, involves crushing and
mixing of coal with water to develop a coal-water paste (CWP)
with a nominal water content of 25% by weight. Uncrushed coal,
one inch or less in size, stored in a surge hopper with a storage
capacity of 45 tons will be fed into a double roll crusher by a
vibratory feeder. Crushed coal, all of which is 6 mm (1/4") or
less 1n size, is transported by a system of conveyors onto a
triple deck screen to eliminate undesirable oversized pieces over
10 mm (3/8") and then through a weigh feeder into a pugmill type
mixer. Moisture content is measured from the coal on the weigh
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feeder and an appropriate amount of water is added to the coal in
the mixer to prepare the CWP. Samples of paste are taken to
determine its pumpability characteristics and unacceptable paste
is dumped through a gate into a container. Acceptable paste is
delivered directly into a fuel feed hopper that has sufficient
capacity for one hour of storage. The fuel feed hopper is
provided with agitators to maintain the pumpability
characteristics.

5.3.4 Coal Injection

A schematic of the coal injection system is shown in Figqure 9.
Prepared coal-water paste (CWP) from the coal preparation system
is continuously fed into a hopper from which the coal injection
pumps draw CWP. The hopper provides a surge volume to compensate
for upsets in the preparation system and ensures an even flow of
CWP to each of the injection pumps.

The system utilizes six parallel coal injection pumps to deliver
the CWP to the boiler. Each pump delivers the fuel flow into the
boiler through a dedicated fuel nozzle. The nozzles penetrate
the pressure vessel and boiler enclosure walls. High pressure
compressed air is used toc atomize the CWP at the discharge of the
nozzles.

The coal injection pumps are hydraulically operated piston pumps.
The fuel flow rate is controlled by varying the speed of the
pumps .

5.4 Sorbent Systems

5.4.1 Sorbent Storage

Sorbent (dolomite or limestone) is delivered by truck or by
barges and unloaded by a temporary conveying system to the
existing coal storage area, separate from the coal piles. A 30-
day supply of sorbent is maintained in the storage area which has
adegquate space for storage of two smaller piles of test sorbents,
each with a 7-day supply. Mobile equipment is used to maintain
the storage piles and to reclaim sorbent from storage.

5.4.2 Sorbent Conveyors

Sorbent, from storage, is loaded into an existing reclaim hopper,
separate from the cocal reclaim hoppers and delivered to an
existing bunker by the same existing belt conveyors that will be
used to convey coal to the existing bunkers. The sorbent bunker
has a total storage capacity of 650 tons of sorbent, which is
equivalent to 36 hours at full load consumption.
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A conveyor system was installed below the sorbent bunker to
convey sorbent to the sorbent preparation system, which is
located in the new combustor building. The sorbent conveyor
system is equipped with weighing, sampling and magnetic
separation equipment. ‘

5.4,3 Sorbent Preparation

Sorbent preparation, as depicted in Figure 10, involves crushing
and drying of sorbent. Uncrushed 3/4" x 0" sorbent, stored in a
surge hopper with a capacity of 70 tons, is fed into an impact
dryer mill by a vibratory feeder. The specific size of the
sorbent is controlled by a vibratory screen and by controlling
the air flow through the mill. The air flow is controlled by
adjusting a Venturi or a velocity separator, both located above
the mill. The air is heated by an oil-fired air heater prior to
entering the mill. The sized material is swept from the mill by
the hot air and is separated by a cyclone separator and a
baghouse. A vibratory screen, located at the outlet to the
cyclone separator, will divert oversized material back to the
mill for recycling. The fines from the baghouse are mixed with
the final product, but they can also be discharged outside for
disposal. The final product is transported by a cleated belt
conveyor into a 200 ton sorbent storage hopper which has two
outlets to feed the sorbent injection system.

5.4.4 Sorbent Injection System

A schematic of the sorbent injection system is shown in

Figure 11. Sorbent is pneumatically conveyed into the boiler
from a pair of alternating lockhoppers. The lockhoppers are
sequenced so that one is filling and pressurizing while the other
is supplying sorbent to the fluidized bed, thus providing an
essentially continuous flow of sorbent.

The lockhoppers receive prepared sorbent at atmospheric pressure
from the common scrbent storage vessel. When a lockhopper is
full, the sliding disk valve above the lockhopper, the ball valve
below the lockhopper, and the vent valves are c¢losed. The
lockhopper is then pressurized to a higher pressure than the
combustor with air from the booster compressor.

The lower isolation valve is then opened, and the sorbent is
pneumatically conveyed to the two sorbent injection nozzles in
the fluidized bed. The sorbent flow is controlled with variable-
speed rotary feeders immediately below the lower isolation
valves.

When the lockhopper is empty, it is isolated from the combustor
vessel by closing the lower isolation valve, and then
depressurized by opening vent valves which divert the air to bag
filters. When completely depressurized, the lockhopper is ready
to pbe refilled by opening the upper isolation valve.
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5.5 Economizer

A once through economizer is employed to recover heat from the
gas turbine exhaust for preheating of feedwater. The economizer
is of a modular design with the flue gas flowing horizontally
across vertical in-line spirally finned water tubes.

Under full load design conditions, the economizer will raise the
feedwater temperature to 478°F while reducing the gas turbine
exhaust gas temperature to 350°F.

5.6 Electrosgstatic Precipitator (ESP)

The ESP, manufactured by Flakt, Inc., is designed to meet the new
source standards for particulate emissions of 0.03 lbm/million
BTU and an opacity not to exceed 20%. The ESP is designed for a
removal efficiency of 96.5%. Approximately 400 lbm/hr of fly ash
. will be collected when the unit is operating at full load. The
ESP is designed to treat a gas flow of 275,000 acfm at 350°F.

The ESP is located down stream of the econcomizer and is comprised
of a single precipitator casing (see Figure 12). The ESP is
approximately 64 feet high including hoppers and support steel,
39 feet wide and 72 feet long. The ESP has four electrical bus
sections and four fields configured parallel to the gas flow.

The 96.5% removal efficiency can be achieved with any three
fields in service. The fourth field is a spare.

The first two fields have collecting plates spaced 11.75 inches
apart providing 38 gas passages. The last two fields have
collecting plates spaced 15.75 inches apart providing 28 gas
passages. The total installed collecting surface is 106,575 sq
ft to treat the 275,000 acfm of gas at full unit load The
installed specific collecting area (SCA) is 388 ft?/1000 acfm.
Each field is 12.3 feet in length and the design gas velocity is
3.80 fps. The ESP is of European design using a rigid frame, a
spiral wire corona electrode system and using an internal
tumbling hammer rapping system for the dlscharge electrodes and
collecting plates.

Four transformer rectifier (T/R) sets, one for each field,
provide power to the ESP. Two are rated at 55 kV dc for use on
the first two fields and two are rated at 80 kV dc for use on the
last two fields. Eight hoppers are provided, two rows of four,
parallel to gas flow to store the collected particulate for
removal by the fly ash removal system (FARS). (See Section
5.7.2).

32



N\ / N\ /
N\ / \_ /!
\ , STORAGE \ o
VESSEL
\ \ BAG FILTER —, 1unSPHERE
> |
I——
LOCK- | - '
HOPPERS
COMBUSTOR
PRESSURE VESSEL
BOILER
ROTARY
FEEDER

AIR
BOOSTER

_%:Ejj . COMPRESSOR

— AlR

SPLITTER

COOLER
T
_{

|

SORBENT INJUECTION SYSTEM DIAGRAM

Figure 11

33




TRANSFORMER
RECTIFIERS &)

BUS SECTIONS 14
—N /
Fi
-

GAS FLOW

- kwmmm s
| \
N
[N
' -
rs
| /
/
¢ _FEDY
PLAN VIEW N
SUPPORT AIR FLUSHING
me.awns ey \—' SYSTEM (1
e NP e NPT |
M | t— — -
1 I I i I //Y;/ [T
DISCHARGE
ELECTRODE
DRTVES (4
GAS FLOW D /
- ! B
A N
COLLECTING | | access \ a
GAS_DIST. ELECTROOE | lagRs " (6) .
RAPEING DRIVES (4 /
DRIVE (1) \ 5 W~ 1
el
| [34 = g A1
VIEW LOOKING SOUTH
Vo v/ a
B
|~ d g 0
L1
(8) PYRAMIDAL HOPPERS —]
w/ 12) STRIKE ANVILS,
(21 4" Dla., POKE PIPES
& 1) ACCESS DOOR EACH

KT

ELECTROSTATIC PRECIPITATOR
Figure 12

34




5.7 Ash Systems
5.7.1 Cyclone Ash Removal

Fine ash collected in the gas cleaning cyclones is continuously
removed via a pneumatic transport system in which a small portion
of the high-pressure gas from the cyclone conveys the ash to an
atmospheric pressure silo. The ash/gas flow is cooled to an
acceptable level with a portion of the heat being recovered in
the combustion air. Depressurization of the gas/ash stream is
achieved without lockhoppers or valves.

5.7.2 Fly Ash Removal System (FARS)

The FARS removes collected fly ash stored in the precipitator
hoppers and pneumatically conveys the ash via vacuum to the
cyclone ash silo.

The system is designed to convey fly ash at a rate of 5 tons per
hour with a minimum pickup velocity of 3000 fpm., Fly ash is
removed from each hopper in sequence until all eight hoppers have
been unloaded. The system can then be shutdown or continue to
unload hoppers until the cycling sequence is ordered to shut
down.

The vacuum pump, manufactured by Nash, is used to create the
conveying air flow and vacuum in the ash piping netweork. The
pump, driven by a 50 HP motor, will produce a vacuum of 12.65
inches Hg when operating at the design flow rate of 725 acfm.

The fly ash intake valves, located below each hopper, are used to
regulate the flow of ash into the ash conveying pipe. A
fluidizing blower and heater provides heated fluidizing air to
the fly ash intake valves to keep the ash free flowing above the
valves,

The ash entrained in the conveying air is transported to the bag
filter/separator, located above the c¢yclone ash silo, where ash
is separated from the conveying air.

The bag filter contains 23 filter bags 4.5 inches diameter x 10
feet in length to provide a total bag filter area of 271 sq ft
The design air to cloth ratio is 2.9 acfm/ft®.

The transfer lockhopper is located between the bag filter/
separator and the cyclone ash silo., 1Its function is to transfer
ash from the negatively pressurized bag filter to the silo which
is at atmospheric pressure.
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5.7.3 Cyclone Ash Handling System

Cyclone ash from the cyclones and fly ash from the precipitator
hoppers will be pneumatically transported in a dry state via
separate systems to a 22 foot diameter, flat-bottom, elevated
storage silo with an active storage capacity of 260 tons,
equivalent to 20 hours of full load operation. Conditioning
equipment will be installed in the cyclone ash silo to remove
cyclone ash from the storage bin, wet it to minimize fugitive
dusting, and transfer it to open type dump trucks for disposal.
Dry cyclone ash may also be loaded into dry bulk carrier trucks
for sales or testing purposes.

5.7.4 Bed Ash Removal System

Granular bed ash must be continuously removed from the boiler
bottom hoppers in order to maintain the desired fluidized bed
level. To achieve this, bed ash flows by gravity from each of
the two boiler bottom hoppers into dedicated lockhoppers.
L-valves are used to meter the flow ¢f bed ash. The two
lockhoppers operate in parallel, but are independent from one
another with respect to emptying and repressurization cycles.

When full, the lockhoppers are depressurized by venting and are
emptied by gravity into a common atmospheric pressure hopper.
From the hopper, the ash is fed by a screw feeder onto an
enclosed conveyor system which transports the bed ash to the
storage silo. A schematic of the Bed Ash Removal System is
depicted in Figure 13.

The maximum bed ash discharge rate required is 22,000 lb/hr. The
bed ash removal system is designed to discharge bed ash from the
boiler at rates up to 25,000 lb/hr (14% margin over maximum
required) with one of its two removal/depressurization trains out
of service.

The screw conveyor for the lower bed ash hopper is designed to
discharge ash from each side of that hopper at a rate of 25,000
lb/hr. As such, the downstream bed ash conveyors are designed to
convey up to 50,000 lb/hr of bed ash for the situations when both
sides of the lower bed ash hopper contain material at the same
time. This will occur when ash from one lockhopper train is
still within the lower hopper when the other lockhopper train is
emptied into the lower hopper.
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5.7.5 Bed Ash Handling System

Bed ash is transported by belt conveyor in a dry state to a 22
foot diameter, conical-bottom storage silo, adjacent to the
cyclone ash silo. Active storage capacity is 220 tons,
equivalent to 20 hours of full load operation. Egquipment will be
installed in the bed ash silo to remove the bed ash from the bin
and transfer it to open type dump trucks for disposal. Because
of the granular nature of bed ash, fugitive dusting is not
anticipated to be a problem and, therefore, wetting of the ash is
not necessary.

5.7.6 Ash Disposal

Both bed ash and cyclone ash, estimated at 58,000 tons each per
year, will be disposed of in an Ohio EPA permitted area that has
been used to dispose of over 8.5 million tons of fly ash from
Cardinal Plant. From the storage silos located at the plant
site, the ash will be loaded into dump trucks that will be
covered and weighed prior to its departure for the disposal site.
Spray curtains and truck washes will be provided at the silos to
reduce dusting during loading operations and to remove ash which
adheres to the vehicles during loading. The dump trucks will
haul the ash to the Cardinal Plant fly ash Reservoir I. Once at
the disposal site, the ash will be dumped from the trucks,
spread, wetted to optimum moisture content, and finally
compacted. The types of equipment that will be used to operate
and maintain the disposal site include track-type dozers, track-
type loaders, smooth-drum vibratory and sheepsfoot rollers, and
watering trucks.

5.8 Balance of Plant Systems

5.8.1 Steam Turbine/Generator

The existing steam turbine at the Tidd Plant is a 110 MW, 1800
rpm condensing turbine/generator. It is contained in a single
casing directly connected to a 0.9 pf, 111,111-kva, 3-phase, 60-
cycle, 13,800-volt generator. The PFBC boiller produces less main
steam flow than the original Tidd boilers; therefore, the steam
turbine produces 57 MW at full load.
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The turbine is equipped with an automatic low vacuum trip located
within the forward turbine pedestal.

Although the chance of the vacuum trip failing to operate in an
emergency is very slight, a further safeqguard against condenser
failure is provided in the form of a relief diaphragm mounted on
the turbine exhaust. 1In addition, an initial pressure regulator
is used which closes the steam admission valves to the turbine in
case of a sudden drop in boiler pressure.

Details of the existing steam turbine are given in the following
sections.

5.8.1.1 Turbine - Shells

The high pressure portion of this machine is of a single shell
design. The casing is split on the horizontal center line. The
shell and control valve casing are inteqgral parts of the same
casting and are of carbon molybdenum alloy steel. The casing is
divided into two sections with upper and lower halves. The
forward section is of cast alloy steel, and the rear section of
carbon steel casting. All the parts in the shell which are
subjected to steam temperatures greater than 750°F are of alloy
steel.

5.8.1.2 Turbine - Rotor

The turbine rotor consists of an alloy steel shaft, upon which
carbon steel forged wheels are keyed in position. The high
pressure end wheels are pin bushed. There is a total of 17
stages.

5.8.1.3 sStop Valve and Steam Pipes

A quick closing, oil operated stop valve is used at the steam
inlet. This stop valve can be closed either manually or by the
emergency governor in the event of overspeed. It is also
equipped with an internal steam strainer with removable screen
grid.

Steam is admitted to the control valve chest on either half of
the unit by alloy pipes designed with suitable flexibility from a
stop valve in front of the turbine below the floor line. The
stop valve is of alloy steel suitable for welding to the pipes
which in turn are welded with the control valve chest. This stop
valve 1is a two position valve, either open or fully closed. It
has an internal bypass valve which can throttle steam flow up to
20% of full load. It is operated remotely by oil.
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5.8...4 Operating Governor

The main operating governor of the unit is mounted on the high
pressure end, and is of the centrifugal type with rotating pilot
valve driven by the turbine shaft through a worm gear. It is
provided with a suitable 250 volt DC motor operated synchronizing
device for controlling the speed. It is also provided with a
handwheel for instant control by hand, in the event the
synchronizing motor becomes inoperative. The motor operated
synchronizing mechanism is adequate to maintain rated frequency
at all loads under steam conditions specified.

5.8.1.5 Emergency Governor

The turbine is also provided with an emergency overspeed governor
of the oil-trip type. This governor is mounted at the head end
of the turbine shaft and is normally set to operate at 110
percent rated speed.

5.8.1.6 Control Valves

There are ten control valves, five located in the upper half
shell and five in the lower half shell. This arrangement
provides for steam admission at both top and bottom, assuring
equal distribution of the heat and resulting in minimum
distortion of the shells. All ten valves admit steam to the
first stage nozzles. All valves are under the control of the
main operative governor. With the current arrangement of valves,
the primary control valves open until full flow is passed by the
machine.

5.8.1.7 Main Bearings and Couplings

The unit has four main bearings of the ball seated, self-
aligning, pressure lubricated type. The bearings have cast iron
shells and are lined with babbitt. Suitable means are provided
to prevent oil or vapor in the bearing from creeping out around
the shaft.

A solid type of -coupling is used to connect the turbine rotor to
the generator field.

5.8.1.8 Thrust Bearing
The axial thrust of both the turbine and the generator rotor is
absorbed by a thrust bearing of the single runner type. This

bearing is attached to the turbine end bearing and is enclosed in
the bearing standard.
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5.8.1.9 Lubricating 0il System

The unit is provided with a self-contained lubricating system.
The o0il tank is located in the basement under the front end of
the unit, away from the hot steam parts. The main gear type oil
pumps are located in this tank and driven by 550 volt AC motors.
All oil delivered from these pumps passes through the o0il cooler,
which is also located in this oil tank.

The cooler is capable of maintaining the oil in a 110°F to 120°F
range when supplied with cooling water at 90°F. The amount of
90°F cooling water required is 390 gallons per minute with a head
loss of 4.6 ft. This system also containg a DC driven auxiliary
pump which can supply 0il in the event of a failure of the AC
motor driven pumps.

5.8.1.10 sShaft Packings

The shaft packings on the high pressure end were originally of
the combined labyrinth and water seal type. These are being
converted to the more conventional steam seal type.

5.8.1.11 Buckets

The turbine buckets are made of corrosion resisting material
throughout. All buckets were machined from bar stock and were
buffed and highly polished before being inserted in the wheels,

There are 18 rows of chrome iron alloy impulse type buckets. All
buckets are dovetailed to the wheel rims.

The stages of the low pressure end are arranged so as to extract
heavier particles of moisture, which will reduce bucket wear to a
minimum.

5.8.1.12 Generator

The generator is rated 110,000 kw, 0.9 pf, 111,111 kva, 3 phase,
60 cycle, 13,800 volts. It is hydrogen cooled. The generator is
directly connected to a main and pilot exciter which is totally
enclosed and provided with its own air cooling and ventilation
system,

The generator and the hydrogen accessories are designed so that
the generator can be operated at any hydrogen pressure up to 15
psi. Generator efficiency at 0.5 psi hydrogen pressure is
approximately 99.2%.
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5.8.1.13 Exciter

The main exciter is designed for 250 veolts and is shunt wound
with separately excited shunt field.

The pilot exciter is designed for 250 volts and is compound wound
with self-excited shunt field. The pilot exciter has a minimum
current rating of 1.5 times the normal load on the pilot exciter
when the main exciter is operating at rated voltage and current.

5.8.1.14 Generator Coolers

The cooler consists of four sections mounted inside of the
generator casing, with a total cooling surface of 10,000 sqg ft.

The exciter cooler consists of one section, mounted in the
exciter base, having a cooling surface of 590 sq ft.

l5.8.2 Condenser

The Unit 1 main condenser at Tidd plant receives steam from the
low pressure exhaust of the steam turbine. It uses cooling water
from the Ohio River which is pumped to the condenser by two
circulating water pumps. This condenser has three major
functions:

® To produce a vacuum or desired back pressure at the
turbine exhaust for the improvement of plant heat rate.

[ To condense turbine exhaust steam for reuse in a closed
cycle.

[ To deaerate the condensate.

The condenser is designed so that the reversing of the
circulating water flow is possible by operating the reversing
valves. Its design internally consists of two (2) working water
sides. Either of the two sides of this condenser can be cut out
of service and opened up for cleaning or inspection while the
other side remains in service. The condenser hotwell serves to
collect the condensed turbine exhaust steam.

5.8.3 The Condensate System

After leaving the condenser hotwell, the condensate is heated
through a slipstream, sent to the gas turbine intercooler where
it absorbs the heat of air compression. "It is then pumped to two
(2) low pressure heaters and a deaerating heater where it absorbs
heat from steam extracted from the steam turbine. Heater #1 uses
the 14th stage extraction steam to heat the condensate. The
condensed extraction steam is drained into the Heater #1 drain
tank, and from the tank the drains go back to the condenser.
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Heater #2 receives extraction steam from the 12th stage of the
turbine. As in Heater #1, the condensed steam from the heater
drains to its drain tank, and then back to the ccondenser. The
9th stage extraction steam is used in the deaerating heater to
heat and deaerate the condensate. ‘

The deaerator is a direct contact heater in which oxygen and
other noncondensable gases are removed from the condensate.
Directly below the deaerator is the deaerator storage tank,
having a 22,000 gallon capacity. Both of these are at a high
elevation to give sufficient suction head to the deaerator tank
pumps .

5.8.4 The Feedwater System

The amount of feedwater circulating through the economizer and
the combustor/boiler will be determined by a feedwater flow
control valve located at the feedwater pump discharge. Full load
feedwater flow will be 439,560 lb/hr, From the tank pumps,
feedwater will pass through an intermediate pressure Heater #4
which utilizes 3rd stage extraction steam, and then to the boiler
feed pump. The boiler feed pump adds additional head to the
feedwater entering the economizer. The feedwater then flows
through the economizer where heat will be extracted from the gas
turbine exhaust gases. The feedwater temperature rises to 478°F
in the economizer, cooling the exhaust gas to 350°F. The actual
values are a function of gas turbine load and feedwater flow.
Some of the flow will be used for attemperation, the rest will
enter the combustor at 478°F.

5.8.5 LP Service Water System

Service water to the various coolers in the plant is provided by
the Ohic River, The temperature of the incoming water from the
river varies with weather conditions from 32°F to 90°F. Pressure
in the system is maintained at 60 psig.

River water can be pumped through four (4) service water pumps
depending on cooling water demand which varies with plant load
and weather conditions. Each pump is rated for 1050 gpm at 160
ft head and is driven by a 50 HP motor, which is controlled from
the plant control room.

Each pump has a single basket suction strainer which protects the
pump and the system from contamination by debris from the river.

5.8.6 HP Service Water System
The high pressure service water system supplies river water to

various servicé8 in the plant which require water at 120 psig or
less.
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Two (2) service water booster pumps each rated for 500 gpm at 150
ft head, take suction from the L.P. service water system and
supply water to the H.P. service water system piping. The pumps
are driven by 25 HP motors and controlled from the plant control
room.

5.8.7 Electrical System

Auxiliary electrical loads for the PFBC steam and gas cycle will
be powered from the existing Tidd Unit 1 and Unit 2 distribution
systems. The existing generator step-up (GSU) transformer was
replaced by two 37.5 MVA transformers, one connected to each
winding of Generator No. 1. The main and reserve auxiliary
transformer scheme, including connection to the 2.4 kV buses, is
identical to the original Tidd design; operation is also similar.
The unit will be started from the reserve source (69 kV to 2.4 kW
transformers) and transferred to the main source for normal
operation. The 2.4 kV buses will fast transfer to the reserve
source on unit trip.

The PFBC auxiliary loads are served at 2.4 kV and 600 V and
distributed between the "A" and "B" buses. Auxiliary power
consumption is expected to be less than 10% of gross output.

One main auxiliary transformer and most of the 2.4 kV to 600 V
transformers have been replaced due to removal of existing Tidd
transformers which contained Polychlorinated Biphenyls (PCB).

The gas turbine generator/motor will be connected to the Tidd 138
kV bus No. 2 via a new 25 MVA GSU transformer, 13.8 kV switchgear
and frequency converter. The frequency converter will be used to
operate the gas turbine at variable speeds during start-up. The
generator motor will require 4.8 MVA on start and approximately
10 MVA at synchronous speed. When the PFBC combustor begins
producing power, the generator motor will gradually draw less
current and then act as a generator. The generator/motor will
produce up to 22 MVA at full power. There are no 13.8 kV
auxiliary loads connected to the gas turbine-generator/motor bus.
A schematic of the electrical system is provided in Figure 14.

5.9 Control System

The control system is a modular microprocessor based distributed
process control system, featuring both analog and sequential
control.

5.9.1 Purpose

The purpose of this system is to collect signals and measurements
from the process for control, supervision, and protection. The
system also provides for the operator process diagrams and
information through the use of process displays, trends, alarms,
event list, and archived data, through the use of a keyboard and
monitor. The system provides for the operator the means of
modifying the process.
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5.9.2 System Description

The control system is a distributed programmable logic system,
known as Bailey NET %0, based on:

- NET 90 PCU (process control unit)
- NET 90 MCS (management command system)

Configuration of the process control unit is rather simple, using
function codes entered by a configuration tuning module (CTM) or
via an engineering work station (EWS). Work with the EWS station
is carried out in a graphic mode, where the engineer enters
functions directly in the configurating drawing. The
documentation can either be in the form of a graphic printout or
a printed list,.

Operator communication is performed via color CRTs (cathode ray
tubes), functional keyboards and touch screens. Process diagrams
and standard displays are presented at several levels on the
CRT's. Function groups and objects can be controlled on the
display by using a keyboard or a touch screen.

Events and alarms are listed, time tagged and printed out on a
printer connected to the MSC. Two printers are provided in the
control room connected to the NET 90 system. One is for the
alarm and pertinent data. Acoustic and optical alarms are also
produced by additional interfacing relays.

In addition to these two printers, a third is attached to the
beta alarm system. The beta is a standard window box annunciator
system used in addition to the NET 90 and in case of NET %0
problems.

5.9.3 System Arrangement

The process control is divided into function groups and objects.
In some cases, there are safety concerns which must be addressed.
This involves allowing a specific object to be controlled from
both the PCU it belongs to and the safety PCU.

5.9.4 Process Control Units

There are eight PCU's to control the plant. These are divided
into the following major parts called nodes.

- Gas Turbine

- Combustor (three PCU)

- Steam Turbine

- Balance of Plant (two PCU)
- Safety
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The above units perform the control of individual plant items
(object control) and also most of the coordinating control,
interlocking, and automatic functions involving groups of related
items,

5.9.5 Safety System

The safety system logic is handled by one NET 90 PCU. The safety
function is two out of three for life threatening or equipment

damage related processes and one out of two for all others. This
is possible by using separate nodes to process the incoming data.

5.9.6 Operator Interface

The system arrangement includes two redundant management command
system (MCS), with four CRT's and four keyboards. The CRT's are
provided with touch screen functions. This means that four
operators independent of each other can work individually and
control their respective part of the plant. A printer is used
for event and alarm hard copies. The MCS also provides displays
for system status, e.qg., node status,

5.9.7 Simulator

To educate and train the operators in this new technology, a
simulator was developed. The simulator consists of one PCU, two
MCS, and two personal computers (PC). One PC is used as a middle
man to talk to the PC and the MCS and as an EWS. The other PC is
the model for the simulator. Process parameters were developed
from design data and expected operating conditions. After a
lengthy debugging period, the simulator was delivered to the
plant and has already proved its worth in operator training and
indicating potential control problems.

5.9.8 Additional Equipment

Two additional MCS's are in use now. Both are in the trailer on
the turbine deck. These will be used for observation of the
plant operations only and not for control.

A plant operations computer (POC) will be installed in the
control room. This was necessary to relieve the NET 90 from the
logging and trending functions. With the amount of data that is
expected to be requested by all the parties involved, it became
evident that the NET 90 could become overloaded to the point of
slowing the update of dynamic conditions. This was viewed as
unacceptable, and thus the POC computer added.
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6.0 PROJECT COSTS

The total program cost is currently estimated at $224.1 million.
A breakdown of the project cost is as follows:

($ in Million)

OPCo DOE OCDO
Share Share Share Total
A - Preliminary Engineering, 7.7 - : - 7.7
Design, Cost Estimate,
Technical Support Program
B -~ Phase I (Design and 18.7 7.0 5.0 30.7
Permitting)
Phase II (Construction 79.3 47.0 5.0 131.3
and Start-up)
Phase III (Operation, 33.8 6.2 - 40.0
Data Collection,
Reporting and Disposition)
C - Allowance for Funds Used 14.4 - - 14.4
During Construction
(AFUDC)
TOTAL 153.9 60.2 10.0 224.1

A summary of Phases I and II current forecast according to the
type of equipment/system supplied and overheads are as follows:

Cost Million

® Combustor Vessel with appurtenances 54.8
(major equipment include combustor
assembly, controls, economizer,
coal preparation system, coal
and sorbent injection system)

. Gas Turbine 16.3

° Precipitator and flue gas 5.0

[ Sorbent handling and preparation 2.4
system

° Dust collection and ash removal 2.0

. Ash handling and ash disposal 1.5

° Other facilities and modifi- 38.9
cations

® Engineering, Design and Overheads 41.2

162.0

7.0 HEAT BALANCE

The design full load heat balances for the steam side and
the gas side of the combined cycle are shown in Figures 15
and 16, fespectively. The figqures show the expected
performance of the unit at 100% locad (i.e., 100% firing
rate)}, 59°F ambient air temperature, and 60% ambient
relative humidity.

48



6%

, _ - - = - ]

r jo [ abea

40 65 -~ 4L BILwA “3dID %0009 -ALIGIAAH  1dY [ A% YROOOL-1 01 JerTats
INY1d WO} 1VyiSHOMZD

RS 2841 00)1 SO1r UMY BIMD4 CXNY 063 - Tdadl iy JINYMMO 4TS ~ 3dAl 10D

NO 17235 NOFLIYNRI¥AT 31342 3 3N19UN} FE2°0C - 433 LIND L3N irTTeE - 3 Lt $5Qpn
Ez_mm 43a04 01419373 E:le 9968 - (HHMN/R1E)  WHION Slve - (HMRASNIEY YAl ndmum_“mqh.mm_w wzow.mm“xwmw..mﬁwwm“m
: ||A SLEEY =M¥ L3N 026¢4 -M¥ 550 N 04995 -~m¥ SSOHD
i o aunbiyy JONVAROIHI LKV Id VLG JINVAYD 28 3d FITAD MVIFLS —mm:oz ONY ¥1Y¥O JON3I¥I4 TN

PR o — I]luQHV

-
1
[T I
Laeh] -
w1ls0od g 5
FICITE T ariis

I SaAnd uNYg aama

Tawidd M4
[T

—%, . 46862
T do sea! tw“@nihbw
nZovEZr hD#y amwy 51

L Ny 0334

Tavh gy E0d

nfd
ECTTRALETTE

5

01TuIrdg
s

W Wi Y
Vialy Viaaime A

PILELE
df-wv3IT2

[ I,

Ili@ 1007 ---

31708
1305 wokd N

-

1
h b
i Ll
1) S¥3wax 1 !
*ISDWRIN ' _
' P
- _ ¥ 13 BdMAG 4323 )
||||| . wTviel v )
NC, !
1 1
o e e e e J !
¥ ¥ ! nle
' ' ! 22
381w 1 | -
i 311003 » =
Tiiaion 3TSHIMNGD nous ! 1 ' B
! N BMLITIN 1 A nd
i [ Y] = - - -
- v WoiLY1S ) 1 F] s
o Wi ' t !
- 3 MGIIRE s ¢ e
e w1093 W26 | ' *
=] f ' ' . -
i . ! ! J Lo
t : : 1 ! 4 1 .
Wt =13 K ! ! ' g ' y
M) LVIw t i L ]
irs s | R obooeoes : . Lo goE
[T ) B | .
Y ' = 1 1 \
G5R°0 ~wd ML 12154004 NI VE b it N v m> .
ELLIL L = TE] 1 1 [ - - \ =z 1 __
1 A“vl ' ¥ ] =1 [ -
' ' ) ' vos '
' tvd-an [ L A
' ! PRI -4 H N
] ! ' ' v
v A ———— - ! J |
' r Ve sawma 0T ! ! !
- ' 151 $3ATws ' ”,
bat-1 5 e _n | booowingd N P \
T - - - — o — - l—Xﬂ- IIIII , 1
B NI Ma ez -y i ‘ T am ’ X
TONT oww L NS . e 'R r \
E dm a4 . N FHZ.V 36226 ' !
g8 £ N iyt
S84 T = T3 3z 1 o saam T i docooci P mmmmmmm e 4 .
ging vosveanas | ' 1 h s Vv Mue |owm ) RSZERER | I [ P
PR A | ] !
S¥1 NOLISNEROD - - " L INIAENL AY3is T T e ! \ ' I
WiV NG IEAERDY ¢ — - — ] o . | \ b
S0 WS S RFAOE - Yo P 1
aries - - — i 1 . ” " .
nes - W : Vo ; H
|||||||| B B ! '
4 3N - s - - . “ v b SUs2s Y 437108
- . —e b o SR e o
SEY ML umx“ﬂa -4 H w1t ! ! - ar riEL
e - n T FvsuImed ! ¢ : NSZ9RLY
\\\\\\\\ U |
ERITLTH




is

]

¢ 30 2 abvd s wn o 1R+ o 89 L -011¥H wYIOm /7 ; *n¥s epponl-1 03 ::Eul_
iNY14 ND) IYY]SNORID 62 90 92 . 0 - IR0 UL - Tdal TvOT
Lot — g Lwitie 1844 0011 \ :w“m w o o L0006 -NGILINIEIY ¥ndINs 4
T W D] *3 '} r -
WE 1135 NOILYDIYAT 31340 3 INef¥n) e ol w0l 3 £00 8¢ -4i¥ §S30%3 VINA/OH IS B0 LIYETAY 23023407
4403 3J1AHIS H3M0e 31WL237 I NYI1Y¥IAY o - SMOIL1ONDD LINIVHAY T3S¥D NDI1S3Q
ki LHI Y thit
91 anbiy e e -1 AP 05241 -mx SSOED
(3T1OMBT/MBY SLHS LI BYIRD 110 ININLILSNOD IONVARD s83d 31043 5YD [s31on onv ¥ive 3aN3uZs
-m_:_.:u._i R L ous - OW BAAVE o.h 191 SR 31S¥4
ar EY Q) . — dase ¢ wiel
IS5 WRU/ELNYA - Wad Wy BT Wiy
S¥n NOSLSHARDD - - - o
¢Iv HO)S0aR0d -~ — - RI15aS INTAZT s TR c
501705 7 TLYA - —— 3347 B ﬁ 10 0 [N
aUus - - — - Srae'0 ta
T4 I - 4 ¥inang 315vd PRSI i
P ] dn-1hels ¥FLYA- oo X
[T Y2 . - Sr89°0 3
v -w b BT i . a oriare —n
F— " ammrs | RIY AEY 0L = SEvA RLLEALLF]
oS | T — — i
t - f iy o E 2 [ETTEEE RS
| - Iz PAALY CEZZI AWM
. = e Ve BINARSLEId - 1903
FTRLLY - bl
oMEIEMAIT N [ TITY TP FETCLCEEY) _ 2 S1SAT¥HY 130
- »oid L1} _
LERCIELFILT) : R _
=l ly _ !
Fe= EAlt |
| 43T 1h0N013 Y 34 I
3LV 3AR0] _ H _
e (1) I _ “
Ly
£I¥IE 1311208
§3avis 1 v _ LFTATE I 184
ocZi) ax i
1dH
L0430 sDSYAINID 2dH neizs 2d1
e . :
=

1B EFA WA JJI0TUN 1 FES T d-iR
BIFIGD Y NOHISTRGDY

(XIS

LELLL SR D I T
Y3 10w

)

.I,I‘I.nm L.!i.I‘i.%‘l,:k.lﬁl..,..l.l.l;n ,1A

BH7STORET  -SHDIEINIQ LN3IG) 4300 CHIYTISHET CTE Sk

20mr ¢ 10 1AZE ¢ TN ETE

¢+ Wy ::E: TR TR TTREY ST

1
o wat rins 98

“an e

[T "
WG ") D2 e————afH B 7 2 AT gTf ¢ AGIex 2Ge 0 T3 BSF (VTSI Pl |

192 1% - e
T

YT L 1

LY1S IMIHD MO I ISHENGD

Jo-o@s) -Juhivyismil 039

HOISNENaD

ny
booo 1 ALY
So000°0 "
LT fas
So00 0 oty
LA afrm
ro0°0 Fplay
Dron ¢ LTRREY
0izB O ges
0070 ata
Govr'o ALELL)
BE7L 0 Yoary
LTV 7] 1n3n
SEYA - 1ilSNDD
DD -
135538 LLLAILDYIY AR YTYY
39YNALS
JLE 119 Tl'{l}
SIS4TRNY LNIGH0S




8.0 GENERAL ARRANGEMENT DRAWINGS

Two groups of general arrangement drawings were developed for the
project, one group for the existing plant and another for the new
combustor building.

These drawings are enclosed and listed below.

8.1 Site Plan Drawings

Title

Figure # Drawing #
2 1-5000-01 Gen, Arg't Plant On-Site Plan
17 1-5000-03 Gen. Arg't Construction Site Plan

8.2 Combustor Bullding Drawlngs

Figure # Drawing # Title
18 1-5001-01 Gen. Arg't Combustor Building Plans @
' El. 652' and 660’

19 1-5001-02 Gen. Arg't Combustor Building Plans @
El. 676' and 686"

20 1-5001-03 Gen. Arg't Combustor Building Plans @
El. 703' and 728'

21 1-5001-04 Gen., Arg't Precipitator and Economizer
Plan

22 1-5001-05 Gen. Arg't Plan & Sections
Precipitator 1A & 1B Duct Modifications

23 1-5001-06 Gen. Arg't Plan & Sections Precipitator
1A & 1B Duct Modifications

24 1-5001-07 Gen. Arg't Ash Handling Facility

25 1-5001-08 Gen. Arg't Combustor Building Sections

26 1-5001-09 Gen. Arg't Combustor Building Sections

27 1-5001-10 Gen. Arg't Combustor Building Sections

28 1-5001-11 Gen. Arg't Combustor Building Sections

29 1-5001-12 Gen. Arg't Waste Water Pumps Structure
Plan & Sections

30 1-5001-13 Gen. Arg't Combustor Building Plans @

El. 744' and roof

8.3 Existing Building Drawings

Figure # Drawing # Title
31 1~5010-01 General Cross Section of Plant Unit #1
32 1-5010-02 General Cross Section of Plant Unit #1
33 1-5010-03 Floor Plans of Turbine Room Elev‘s #

608', 624', and 636', Unit #1
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Figure #
34

35
36
37
38

39

40
41

Drawing #

1-5010-04
1-5010-05
1-5010-06
1-5010-07

1-5010-08

1-5010-09

1-5010-10

1-5010-11

Title

Basement Floor Plan of Plant Elev's @
650' and 665', Unit #1

Basement Floor Plan of Plant Elev's @
650', Unit #1

Main Floor Plan of Plant Elev. 676°',
Unit #1

Main Floor Plan of Plant Elev. 676°',
Unit #1 '

Floor Plans of Boiler Room & Heater Bay
Elev's @ 707', 708', 710', 727', 720°',
and 732', Unit #1

Floor Plans of Beoiler Room & Heater Bay
Elev's & 741', 747', & 751'' Fan floor
Elev. 766', Unit #1, 650', Unit #1
Longitudinal Section Heater Bay and
Turbine Room Unit #1

Screen House General Arrangement
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